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Abstract
Aim: Globally, acute ischemic stroke (AIS) is one of the leading causes of death and permanent disability. The ratio of blood urea nitrogen to serum albumin 
(BAR) is a prognostic biomarker that combines two important determinants and has excellent predictive potential for  mortality in critically sick patients. This 
study investigated the relationship between BAR and in-hospital mortality in AIS patients diagnosed in the emergency department (ED).
Material and Methods: A retrospective analysis of  data of AIS patients aged 18 and older who presented to our emergency department during the study period 
was performed. Data were acquired from the hospital’s computerized information system. Each discriminant mortality cut-off value was evaluated using the 
receiver operating characteristic (ROC) curve and area under the curve (AUC).
Results: The study included a total of 300 patients with a mean age of 67.1±14.4 years; 156 (52%) of them were male. The mean length of stay in the hospital 
was found to be 7 days, and 67 patients were transferred to the intensive care units. Fifteen patients (5%) died during their follow-up in the hospital. As a result 
of the ROC analysis of BAR to predict the presence of in-hospital mortality, the AUC value was determined as 0.756 (95% confidence interval: 0.704-0.804), 
the Youden index as 0.47, and the p-value as 0.001. At a cut-off value of >4.21, BAR had a sensitivity of 93.3%, specificity of 54.4%, positive predictive value 
of 9.7, and negative predictive value of 99.4 in determining the presence of in-hospital mortality.
Discussion: BAR is a simple and useful in-hospital mortality predictor in patients with AIS.
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Introduction
Globally, stroke is among the most crucial cause of mortality 
and long-term disability (available at: https://www.cdc.gov/
stroke/facts.htm). In the USA, 795,000 adults die or become 
disabled due to stroke every year [1], and approximately 77% 
of stroke cases occur for the first time and 23% are recurrent 
[2]. Stroke ranks as the fifth leading cause of death in United 
States, causing approximately 140,000 deaths annually, with 
an estimated annual effect on health resources (lost work days, 
healthcare, and treatment) of $46 billion. [1].
The early prediction of poor outcomes following cerebral 
ischemia might improve decision-making steps, such as early 
admission to dedicated stroke units, and hence aid in patient 
management. However, the outcomes of stroke remain difficult 
to predict. Therefore, various studies have been undertaken to 
investigate the effects of various scoring systems and blood 
parameters on the prognosis of stroke [3-5].
The ratio of blood urea nitrogen (BUN) to serum albumin (BAR) 
is a recently found prognostic biomarker that combines two 
essential markers (BUN and albumin) and accurately predicts 
the mortality of critically ill patients [6,7]. BUN is a measure of 
dehydration in patients, and increased BUN levels have been 
connected with in-hospital mortality among acute ischemic 
stroke patients (AIS) [8]. As a negative acute phase reactant, 
albumin is an important inflammatory marker that plays a role 
in maintaining osmotic pressure and transporting important 
molecules in the body [9]. Studies have shown that a low serum 
albumin level is linked to a negative outcome for people with 
AIS [10].
This study examined the relationship between BAR and in-
hospital mortality in individuals diagnosed with AIS who 
presented to the emergency department.

Material and Methods
Study design
A tertiary-level hospital’s emergency department was the 
setting for this retrospective, observational study. The study 
was conducted between January 1, 2020 and June 1, 2021. Due 
to the retrospective nature of the investigation, the institutional 
review board approved the analysis and waived the need for 
written informed consent (Ethics Committee ruling number: 
HNEAH-KAEK 2022/72, date: 04.04.2022). 
Selection of patients 
Patients diagnosed with AIS were identified among individuals 
over 18 years old who presented to the emergency department 
during the study period, using the International Classification 
of Diseases 10th Revision (ICD-10) codes. Patients with a 
diagnosis other than AIS, those with deficiencies in BUN and/or 
albumin, those referred from another hospital, and those that 
died at or were discharged from the emergency were excluded 
from the research.
Data collection and outcome measurement
The following data were collected by screening each patient’s 
electronic medical records: age, gender, vital parameters 
(systolic-diastolic blood pressures, body temperature, and 
pulse), laboratory parameters, including BUN and albumin, in-
hospital mortality, length of hospital stay and admission to 
the intensive care unit. If an eligible patient presented to the 

emergency department more than once during the study period, 
only the data belonging to the first visit were included in the 
analysis. BAR was determined by dividing the BUN level by the 
albumin level. The data were entered into an Excel database 
(Microsoft Corporation, Richmond, WA) and examined by the 
first researcher. Following analysis of the data, the other 
researcher made recommendations for enhancing quality. The 
primary outcome of the study was in-hospital mortality due to 
all-causes. 
Statistical Analysis
Statistical analyses were carried out using IBM SPSS Statistics 
version 26.0 (SPSS Inc., Chicago, IL, USA) and MedCalc 
Statistical Software version 19.0.6 (MedCalc Software bvba, 
Ostend, Belgium). The Chi-square and Mann-Whitney U tests 
were used for the analysis of categorical and continuous 
data, respectively. Continuous data were reported as median 
and interquartile range values. Categorical data were given 
as frequency and percentages. A p-value that was less than 
0.05 was used to indicate statistical significance. The receiver 
operating characteristic (ROC) analysis was performed using 
the DeLong method to assess the prognostic performance of 
BAR. The area under the curve (AUC) was calculated to evaluate 
the prognostic performance of BAR. Lastly, a Youden’s J index 
(YJI) calculation was conducted for sensitivity, specificity, 
positive predictive value (PPV), negative predictive value (NPV), 
and the cut-off value at which AUC was the highest [11].

Results
The study included 300 patients with a mean age of 67.1 ± 
14.4 years. There were 156 men and 144 women among the 
patients. Sixty-seven patients were taken to the hospital’s 
intensive care units. The mean duration of hospital stay was 
found to be 7 days. Fifteen patients (5%) died during their 
follow-up in the hospital. 
Table 1 shows the characteristics of the patients included in the 
study and some laboratory parameters.
The patients were separated as survivors and non-survivors, 
and their various characteristics were compared (Table 2). When 
various laboratory values were compared, it was determined 
that the mean values of BUN, creatinine, C-reactive protein and 
BAR were statistically higher in the group of non-survivors than 
the group of survivors (Table 2).
As a result of the ROC analysis of BAR in the prediction of in-
hospital mortality, the AUC value was determined as 0.756 

Table 1. Baseline characteristics of the patients 

 Variables Min Max
Mean 

Number

Standard 
deviation 

Percentage

C-reactive protein (mg/dL) 0.35 150.79 11.96 23.42

Blood urea nitrogen (mg/dL) 1.00 76.00 19.91 10.65

Creatinine (mg/dL) 0.52 14.10 1.09 0.89

Albumin (g/dL) 2.67 41.00 4.19 2.17

Length of hospital stay (days) 1.00 70.00 7.08 7.90

ICU admission 67 22.3

In hospital mortality 15 5.0

BAR 0.24 22.41 5.00 3.03

PT: prothrombin time, Aptt: activated partial thromboplastin time, INR: international 
normalized ratio, ICU: intensive care unit, BAR: BUN/Albumin ratio
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(95% confidence interval: 0.704-0.804), YJI as 0.47, and the p- 
value as 0.001. According to the statistical analysis, BAR had 
a statistically significant power in predicting the presence of 
in-hospital mortality (p=0.001). At a cut-off value of >4.21, BAR 
had 93.3% sensitivity, 54.4% specificity, 9.7 PPV, and 99.4 NPV 
in the prediction of mortality of AIS patients in the hospital.

Discussion
In this study, we determined that BAR was a good predictor of 
in-hospital mortality in patients with AIS who presented to the 
emergency department. There are many studies in the literature 
investigating BAR as a prognostic predictor. BAR has been linked 
with negative outcomes in a variety of diseases and conditions, 
including pneumonia, bacteremia, and gastrointestinal bleeding 
[12-14]. Previous studies have shown that BAR can be defined 
as a prognostic marker for patients with AIS [15]. Although the 
relationship between high BUN levels and in-hospital mortality 
in patients with AIS has not yet been fully explained, there are 
some hypotheses concerning the underlying mechanism. First, 
a high BUN level at the time of hospital admission may be 
associated with hemodynamic deterioration, which is known 
to be associated with adverse outcomes in AIS patients [16]. 
Second, sympathetic nerve activity associated with urea 
reabsorption may lead to increased BUN after AIS, resulting in 
increased mortality [17]. Finally, BUN is a marker of hydration 
status. In case of dehydration, the blood flow to the organs 
decreases. Reduced blood flow to the brain may also lead to 
increased mortality in patients with AIS [18].
Albumin is a nutritional and hydration marker [19]. There are 
various mechanisms that explain the relationship between 
albumin and prognosis of AIS. It is known that albumin carries 
various drugs, free fatty acids, hormones, and amino acids in 
the blood. Thus, it can be suggested that albumin contributes 
to the improvement of brain perfusion by regulating the colloid 
osmotic pressure in the blood [20]. Lastly, there are also studies 
showing that hypoalbuminemia is associated with a high 
vascular thrombotic risk, emphasizing that albumin may play a 
role in inhibition of platelet aggregation [21].
Studies examining the correlation between elevated BUN 
and low albumin levels in predicting the prognosis of AIS can 
be found in the scientific literature. In a multi-center study, 
You et al. analyzed the data of 3,355 patients with AIS and 
concluded that elevated BUN levels at the time of admission 
to the hospital were independently associated with all-cause 
in-hospital mortality, but not with poor outcomes at discharge 
[8]. In a retrospective cohort study by Bae et al., the AUC value 
of BAR was found to be 0.687 in the prediction of in-hospital 
mortality in 1,164 patients with AIS [16]. In the same study, the 
cut-off value of BAR was calculated as 5.25, at which it had a 
sensitivity of 64.9% and specificity of 67.8% in determining the 
presence of in-hospital mortality. In our study, the AUC value 
of BAR was found to be 0.756 in the prediction of in-hospital-
mortality in patients with AIS. At a cut-off value of >4.21, BAR 
had 93.3% sensitivity and 54.4% specificity in this prediction, 
which is consistent with the data reported in the literature.
This study had certain limitations. First, the results of a single-
center study cannot be applied to the general population. 
Second, due to the retrospective design of the study, the patient 
data were obtained from the electronic medical records, which 

Table 3. Predictive performance of the BUN-to-albumin ratio for mortality in patients with acute ischemic stroke 

AUC Cut-off Sensitivity Specificity +LR -LR PPV NPV Youden index p value

BAR 0.756 (0.704-0.804) >4.21 93.3 (68.1-99.8) 54.4 (48.1-59.9) 2.03 0.12 9.7 99.4 0.47 0.001

AUC: area under the curve, LR: likelihood ratio, PPV: positive predictive value, NPV: negative predictive value, BAR: BUN/Albumin ratio

Figure 1. Receiver operating characteristic curve of the BUN-
albumin ratio in predicting in-hospital mortality in patients with 
acute ischemic stroke 

Table 2. Comparison of the characteristics of the survivor and 
non-survivor 

Mean 
Median

Standard deviation 
IQR

p value

C-reactive protein 
(mg/dL)

Survivor 10.33 
3.0

19.39
7.74

0.006

Non-survivor 42.97
7.0

54.78 
86.5

Blood urea nitrogen 
(mg/dL)

Survivor 19.15
16.0

9.27
8.9

0.001

Non-survivor 34.40 
22.0

21.04 
32.5

Creatinine (mg/dL)

Survivor 1.07 
0.88

0.89
0.37

0.013

Non-survivor 1.46
1.22

0.87
0.67

Albumin (g/dL)

Survivor 4.21 
4.10

2.22
0.44

0.123

Non-survivor 3.84 
4.02

0.54
0.54

Length of hospital 
stay (days)

Survivor 6.67
5.0

6.99
4.00

0.009

Non-survivor 14.73
12.0

16.69
12.00

BAR

Survivor 4.76
4.09

2.54
2.41

0.001

Non-survivor 9.56
5.87

6.48
11.93

PT: prothrombin time, Aptt: activated partial thromboplastin time, INR: international 
normalized ratio, ICU: intensive care unit, BAR: BUN/Albumin ratio



 | Annals of Clinical and Analytical Medicine

Blood urea nitrogen and albumin ratio for mortality in acute ischemic stroke

1055

may have led to the use of incomplete or erroneous data.
Conclusion
AIS continues to be a leading cause of death and disability 
worldwide. The admission of patients with AIS to the hospital 
begins at the emergency departments, and the early recognition 
of critically ill patients in this department contributes to their 
prognosis. In this study, we concluded that the BAR value of 
patients with AIS at the time of presentation to the emergency 
department had a good performance in predicting in-hospital 
mortality.
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